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Introduction

Among the oceans of the world, the Arctic Ocean is unique in being

covered with ice. In summer, sea ice covers only the central part of the

Arctic Ocean but in winter, pack ice expands to cover the entire Arctic Ocean,

as well as surrounding seas such as the Bering and Barents. The study of the

physical oceanography of arctic seas has been slowed in the past by the

difficulties of working through this ice cover. The objective of research

under this contract has been description and understanding of the currents and

hydrography beneath the ice pack using drifting ice floes as research

platforms. Particular emphasis has been placed on fine-scale and mesoscale

features such as eddies, fronts and wind-driven motion. Field work under this

contract was conducted in conjunction with three expeditions:

(1) Arctic Ice Dynamics Joint Experiment, (AIDJEX), 1975-76,

(2) FRAM I, II, III and IV drifting ice stations, 1979-82,

(3) Marginal Ice Zone Experiment (MIZEX), 1983.

These three expeditions represent a progression in geographical location

beginning in the Beaufort Sea with AIDJEX in the mid-1970's, moving across the =

North Pole to the eastern Arctic Ocean with the FRAM stations in the late

1970's and early 1980's .and finally, last year, in the marginal ice zone where

the edge of the ice pack fronts on the open waters of the Greenland Sea.

There was a common objective in all of these expeditions: the mesoscale and

finescale oceanographic structure of the Arctic Oceah. Measurements of

currents, as well as the salinity and temperature fields of the upper ocean,

were included in all programs.

The AIDJEX measurements were conduced from an array of four drifting ice

stations over a period of one year. This provided coverage over an annual



cycle for the area enclosed by the 100-km array. This produced the first

complete seasonal data on 4 mixed layer behavior beneath pack ice showing the

transition from the winter, when brine-induced convection dominates, to summer

. when runoff of meltwater results in a thin low-salinity surface layer mixed by

ice motion. In the AIDJEX pilot experiments, vigorous sub-surface eddies had

been detected and-in the main AIDJEX program the eddy field was further

confirmed and statistics were obtained showing the widespread occurrence of

these features in the Beaufort Sea and their important contribution to the

total kinetic energy.

With the commencement of the FRAM expeditions in 1979, emphasis shifted

to time scales less than annual and to wider coverage in area. A major

advance in oceanographic techniques for polar oceans was effected beginning

with FRAM I in which helicopters and lightweight portable conductivity-

salinity-temperature-depth (CSTD) instruments were used to profile the upper

500 m of the ocean over a wide area with a close spacing of stations.

Helicopters were based at each of the FRAM camps, permitting a quasi-synoptic

survey to be carried out around the camps to a radius of about 100 miles. The

range was extended by the drift of the camps during the five or six weeks of

spring operations each year. Surveys were most extensive in 1979 and 1981

from the FRAM I and III camps. From the FRAM expeditions came new under-

standing of oceanographic condtions in the eastern Arctic north of Fram

Strait, the major connection between the Arctic Ocean and the rest of the

world ocean. The oceanic front which separates outflowing polar waters from

inflowing Atlantic waters was demarcated and the melting rate for the ice

above the Atlantic Water was estimated. Mesoscale eddy activity appeared

reduced in this area when compared with previous experience in the Beaufort

Sea.
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II

The helicopter/CSTD program was continued and expanded during the MIZEX

pr6ject which began with4 a pilot program in 1983. The aim of MIZEX was a

coordinated study of air-sea-ice interaction across the edge of the ice pack

in the Fram Strait region. The Lamont helo/CSTD effort mapped oceanographic

structure on the ice side of the margin, while structure on the open water

side of the edge -Vas surveyed by other groups using conventional techniques

using ships.

These expeditions are summarized in three review papers included here.

More details can be found in the references included with the reviews, as well

as in references in the bibliography of publications produced under funding

from this contract.
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I Review of the AIDJEX Oceanographic Program

IL

by Kenneth Hunkins

from Sea Ice Processes and Models, Proc. of the Arctic Ice Dynamics

Joint Experiment Int'l. Committee on Snow and Ice Symposium," ed. by

R. Pritchard, Univ. of Wash. Press, Seattle, 1980.
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so 3000 c'deths b" the depth sesor. D- -re recorded digit-

ally c,- na-g.etic tape w ith P-iessey !-:cel c;'00 d-.ta logg erz ana
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o ahcay on charts. Casts -ere taen t'ice each da' e

750 m at all four caoon a syvnchronized schedule. A weekly
tast to 3000 a was made at the ain camp. Bet-een csts the sen-

sors -w-ere suisoended in the steep density gradient at about 60 m

to record a time series of fluActuations.

a 1 ate velocity was recorded -'ith bot "h fixed and rofig
current meter systems. Current v eters eaere rigidly attached to
750-r ted allum masts ton rechra zentsca ec ca at 2 and
30 , he to0 vnd Oatde of the nanetarv Bondary caser. thesid
- -. tent ..o ahe ace --s used to elixDnnate the setd for a co--
to ........ ments, a.wavs a ource of errcr ot futga _t-

-tu ate r _he crrent direction was referenced to ice floe heading
h-.ich w'as montiored regularly. A du!icate s stem of 2 and 30 a

current "-eters vas monitored at main camp to determine the effect
of local changes in ice conditions on the measurements. The pro-
filing current Meters (PCMs) were operated daily at each camp to
F nominal depth of 200 n. This vas the wire length and the act-
ual depth was always somewhat less than this. These instruments
consisted of a Savonius rotor, direction vane and pressure sen-
sor. Direction vas referenced to ragnetic north.

In retrospect the instruments funct'oned reasonably well
and t'he ano goa_,_S o' the pro'ect olan were accomn!'_'shed. 'h e
esev S _7Ds were a model which ohr aanoraaorv hac used Trev Cus-

i. and ".e were prepared fr difficulties which might be encount-
ered. H-c:we -er, tbe F-esse" Vodel -00 digial data Jogcers -uere
a new aodel and we eanerienced various poroblems with the-. This
resu!t-ed In acme salinity and temperature data being recorded on-
2v on z-pe_- charts which must be ranuallv digitiIed later. A
Gui d2ine laboratory salinometer was the rrinciple instrument for -.

m--asuring salinity of samples taken with w-.ater bottles. it de-
velomed troubles in spring 1975 and was not useable over the -

mer. A iivtech salinometer provided a backup during this -,eriod.
e-h Hydro Froduct current meters mounted on ?VC mas,.s at 2

and 30 r functicned well. Care had to be taKen that the _ t vas
n f7 ent rct e dnd tnerew s =c* caSes -wrhen h.;,- s '::-

- . -he 7.&< oro i-n - current reters wee so S von-'s rotor
anc -.- .. :-. . heir ;'r- ess -as the :or wSste. .'acn ne-ced
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Sea ice, exist g at the interface be tw.'een Lolar ocean and
po ar ataosthet e, _s intim-ately rejated to conditi ons in both

le! te cw anc *ar above. Here we are concerned -withn, ocean-
or,-ravhic conditions relating to sea ice motion although effects
of the atrospbere i-i'1 have to be considered at tines. The AIDjEX
oceancgraphic program -as designed to investigate the Arctic Ocean
on a space scale of 200 km in the horizontal direction and hun-
dreds of meters in the vertical. It vas specifically directed
to revealing oceano--raphic behavior which di-ectly influences the

drift of rack ice. Thisc includes the drag of a ouiescent ocean
ard its v-.at-ion -ith chanes in stratification, and advection
of the :ce _by cur-en-ts both transient and ste a dy. a, c r.za;n-
it}', t_.e~ture and currents -ere collected at three S aticons
or a one .eSr ierod and for about c,.-half of a ye-r at a fourth

statirn -. _ch croke ,.. These data are stil only. Tar--a2lv re-
duced and interpreted. They will be an f.-.-cc-nt scce cMf stp_>"
for a long time. This data set is unique for the Lct ic OC.ran
and probably for any ocean since detailed investigation of the
upper layers in open oceans presents considerable difficulty.

BACKCGROUND

From t.e time of e.ns drift cn the y=?A' -t tre end of
the 239th century, n ichr , arjed the leginning of arct_4c oceanogra-
on.,, until rann:ng for ,DX began in 196o cohsiderable infor-
-atcr. ws collected on c .e ,c Frar, hic r sers n the Arctic

a n . cs infc t r:: _on -- r r: arJiy ra irit " E.
:?':r-ure =ser~azi c w-th c2 !- cal. --. er botle and reversinrg

tr.' rz :eter hobds at _-.--;, "cct~ions. This data led to the iden-
tifi Eat on of the . rilary va' er =asses and gave some idea of their
s .--adin_ throughout the basin (Coachnan and Aagaard, 7L). The

Ar c c Surface Water, 0 to 50 m, coincides in the w-inLter w-ith the
upper mixed 2ayer and is of direct interest to AIDJEX since fric-
t'::al effects due to ice motion occur nri iarily in this -aver.
Wa-.er intrudes into th.e Arctic 3asin fro: both the ALIantic an d
Facific sides, spreading -,orizontally , essentialy alone-surfa es
of ccnstant density. The Pacific Water occunies a lev-el ,e'-[en
50 %n-d 200 m in the re cicn of the AhKD: a-ray End coincfcdc .ia

c:'." .- e ::z-. .s. _he .t-"-v -ic "/t er. * 'C o 908J -. ":,: :.o- "1tn 77)
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Pr: -:,e general circvlazion of the a =er .ases L-*e ste-s-.ate

Sv:-s.-ty end vd e2oc- y e'A" s c:.:-c tc "- " "--stoon or the ai.-
A " c,"  nec.n t ese s c- e s

_S a ,nVe cIc
a-4,' . r C7" r-- r

S n ::na ere cc. nucted ucc.e ?letcher's lee S (I-3) and
c aoA uing . . n .-cr-er on

ogranbie features --;ere noted. SurfLaee wa- es were detected in the
ice- ater sY see These were of 11ong .E-iod, 10-15 sec., but on-
ly millimeters in amplitude (Hunkins, 1962). Internal wave study
with thermistor strings was also begun. Current meters of various
types -'ere deployed and there were early hints of the s'ift tran-
sient currents at relatively shallc%" derths. 1rict-cnal effects
beneath the ice also -,;ere in-vestigkaied from pack ice near T-3
and a sDiral"ehavior of the curre.tn vector v,. i-h Ee-th was teen
"hich closely follow-:ed the theoretical "eh mvior tre iiled by L,.K -
van 7r..y yers earlier (:---n::ns, - '<, . .-.. hcd aso -aen Ae-
tecron of inriguinz sten Dsruet-u.rns n -r*eture in the depth

-;e o ZC 0C 1;vr (sh ba et a.. I 1I71).c

THE OCEANOGRAPHIC FIELD EX?:?E1!:-*E'iTS

In order to better determine scales of tize and space for
the important notions as 'ell as t.o test instruments and tech-
niques, several pilot projects preceded the main AIDOEX project
In 1970 and 1971 hydrographic staticns and current meter obser-
vations were made by the University of Washington Eroup. Cur-
rent neter profiling vas ccndcted by h Lar--cl _ at the
1971 camp. : 1972 a one ronth cc::rrehernsive pilot prooect in-
eluded a zain and two satellite ca.s n 1 .00 'KM . nzuar

-~y from whihj dr; gre-'nic .. i c.s -ere taken '-cn.and
C.c.-h n , 1973), At t"e rain cant current rofl e ere t-:en

Aeves bet-ten the Sur Fce a 1 0 a ICunins - , i
and continuouts salnty and menLerature ,-o'fil-s o 'o00 1 four
tizes a day and occasicnalV to the bottc (A - , "5). . -Lso on
the 1972 Pilot project vas a unique oceanc.zra: ... ez ent
ocssible only on pack ice. Weber and Erd-elyi (C761 asr
changes in tilt-of sea ice ard of the fluid ocean c---h a 'ydro-
static level.

The 1972 vro.ect shc-ed that the ex nern-e rs lanned for
w975-6 -ere ea sie and b. 1_.eaed ndrec-.i os c r : e ot-?. - . eh... -u'S . me ? ,~ _' hJzh v c-i " nm.

.rurei, s-- a d ar', 7nd " . . e C-Z. rC
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clof cse ratng c wnhs Pe .oes not n o ene pat tr ar a E -
s 1 r nac ns. Hoconranb-'s connectin t ,-he -:s of the cur-rent vectors
at. different dep-ths generally showed a nod -ec Ehan spiral,
modi fied in that the s-Diral did not exactly zatch the theoretical
one for constant eddy viscosity but did snov the characteristic
c2oc'z:wise turning with depth. This general pattern of a modified
-=an spiral in the uppermost lavers has also been often observed

in the main experiment (fig. 1).

The raxinmu 12-hour nean ".na sp eed observed during the
month of observations in 1972 -as 10.0 m/s. This is equivalent
to a ";:nG stress of 1.9 dynes/cr 2 . 'he corrssrcno" :g water stress
measured by the ncr.Mentum -,Tntegral technicue -.;as 1.1 d-nes/ce,.
The reSu1ts in 1972 indicated that the T. resur -adient fcr ce
-'as necligible on te ice on a shcort. ti-e scale ",t that the wind,
water, Ccri o!is and internal iJ st-es s were all of c c abe
=agnitude. It might be expected that over o enger tine scales the
pressure-gradient force night increase in importance.

One of the objectives is to provide nunerical modeling with
a useful drag coefficient. it vas shown that, on the basis of the
1972 data, the geostrophic drag coefficient might be a useful cor-
cept for numerical nodels and that the Arctic Ocean data scaled
with results from other areas (H-nkins, 1975).

A c-estion of i:aportance is the 6rag effect of large ':eels
vb-icb rrerude deep i-nto the m-).ed layer or even t_rough it. In-

conclusive attwTrs --ere de to sett2 e thre v1uestic-,n by theoreti-
cal and tank - e1 argunrts. R (1:971) con 2uded that the
.ressure or for m drag of 'Keels due to producticn of internal r;waves
right be of i portance, especially in summer w°hen the upper layers
are stratified. H unkins (197h) rescaled tank exz,eriment data zeas-
ured by Ekian over 60 years earlier. Ekman's ex, rerents v-ere di-
rected to an early observation of internal wave drag ;hen the FAY.-
-;as slo--ed unusually in a highly stratified situation off the Si-
berian coast with nearly fresh rater over ucean v ater. Hunkins
concluded that internal w ave drag of 2 arge h:eel :as unli, kely to
be iportant. Direct experinents on the cuestioL yere c-rforned
by Fi¢ y during the main exyeri-ent but the results do not see.r tc
have been conclusive.
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-r.g to sirk dcwn o or ve " ow its a vel of e, uiva2ent Censit-y,

cv r ' n~ g --d n-..-'_-'-n. z -.h'. L r: "- fa' s 4. st d c nd s -< s t
*rctic oC en-i.a TiC sczns -. :en 'n Cnter and s rrir
Mc n nhS. e-h e- Z a..z r -as rc 7 z ~e -ne ra in bottle

o cui *'-re rot a. ' z.e i. - .- 72 --- en-," the 'red
:avr _ s ' .u 35 rp h a -s' Zae_.rc a! . -za !e o a
stee, gradie n t i t e 7Ferature and s aI_ _n i tv . 'he continucus re-
cord of the Guiidline CTD sro'.ed the u:per 15 m to be often un-
stabl e within the resolution of the instrunents. The region
from 15 to 35 m while still having the appearance of a mixed
layer was neutral or slightly stable (Smith, 197h).

Results from the 1975-6 experiment with Plessey STDs show
that the mixed layer often has slight steps and that the de-
tails of the structure are not coherent over the 100 km array.
The mixed layer in the spring of 1975 was about 50 m deep. The
snal! steps in the nixed layer Day be due to strong brine con-
vection be-eath a refreezing lead.

Fluid d'nam. al argunents suggest that such steis are limited
to a horizontal extent of about 2 kiloneters. e -ir horizontal
sxread is limited to approximaely the .ossby radium of deforma-

tion which is small for such small density differences as these
steps in the mixed layer (Stommel, 1969).

There are two principle stirring mechanisms by which a
mixed layer may be formed: gravitational convection and mech-
anical stirring. Although the gravitational convection due to
brine extrusion during freezing is usually considered most impor-
tant, mechanical stirring by ice drift must also play some ?art.
Previous studies have not conclusively shown the relative impor-
tance of the two regimes (Solomon, 1973).The A..J.X data shcula help
settle the ctestion when they are more thoro-ghly studied. The
two nechanisms should overate on clearly separated norizontal
scales with .echanica! stirring by drift occurring over the 1000
km scale of the wind field and brine convection occurring over the
I to 10 km scale of leads.

Few summertime observations were available on the upper lay-
ers before 1975. The AIDJEX records show that a continuous steep
gradient in temperature and salinity often exists beneath the ice

during summer when freshwater runoff from melting ice and snow
stratifies the upper layers. A shallow nixed layer forms when

the first freezing develops and is about 15 z deep in Se-ptember.
it deecrens slowly, reaching 20 = in Dacember and then continues
deepening to reach LO or 50 r by Atril.



00

00

LL)

-4

(0 01

0 0 0 0 0
0 CD0
N C



i "- " ' " ' " - " " 
"  

.:- 7 . " ". - . " . - - . ' 7 . - . " - - - . -

d f 2• e-- S C F . ... .7
"zfcal 'c;"e cc a fe..: '.z a 7. c Sc. u --h r-.-:- c! n_ aI i c *Lve ite Cha h

bu frzn.-2. k tiv'i ," e:is- r.d '--*- - :-. ru... ...-

are c Served. The ice res-C-ds to h - nd arid th e "atcer in

tnr.-r to tne -ce z ton h- ea et c
he 75-6 data_ -hat the oc arn terds C 7 d-:d. a aret.cnpc -

o" o -p-.- rer . th - - e are t em ahey
of the san - :.eL--e the ic.. . -d .. e C:.... t_ = c , n

.They do not .-. e zreazy -nit depth. -e - ,a;::ns e>:end
only to 200 =-.u- go thrcugh a reg=1on of shra cens ange.
This su zgests that they are barotro-Dic and may extend to arre
depth ~s.

BAROCLINIC EDDIES

One of the unexpected oceanographic results of the 1972
AIDJEX program was the detection of swift subsurface currents
localized in the pDvcnocline. These currents coincided -with the
region of steepest density gradient between 50 and 300 m. Yaxi-
mum speeds, found at a depth of about 150 m, reached LO cm/s.
This sueed far exceeded the mean current of 1.8 cm/s (hunkins,
197L; '.ewron, 1973; N;ewton et al., 197h).

Although there had been indications of transant undercur-
rents by P. P. Shirshov as Early as 1937 (Beiyakov, 1972), the
details and horizontal extent were not known. In 1972, these

transient currents were shown to occur as nearly circular ed-
dies with diameters of 10 to 20 km. Individual eddies were ser-
arated by a spacing of 20 to 50 km. Both cyclonic and anticy-
clonic circulation were observed. The eddies are strongly baro-
clinic with signatures in both the velocity and density fields.
The fQrce balance is nearly geostrophic although centrifugal
force/lso of some significance since the eddies have such a small
radius.

The detection of s-ubsurfac e eddies provides a new dimension
to the er.ergy balance in the Arctic Ocean. !!ost of the 1-inetic
energy is contained in these e6dies rather than in the nean our-
rent. For EXaM-Le, in the upper nizyed layer the k.inetic energy
was 7 ergs/c= 3 while at 100 km near the ma:imum eddy velocity it
vas 63 ergs/cm 3 , nearly an order of magnitude greater.

In the main experiment of 1975-6 eddies were detected at all
four camps. Examples of current velocity profiles through eddies
at two camps are shown in fig. 3. They differ from the barotropic
wind-driven notions by often occurring when there is 2ittle ice no-
tion and by their strong vertical shear. The sax:'zun s v, c as
found at 150 zo in 1972 but in 1975-6 steed maxaia were o1ten .z-c-
;hat shallower. Current s-eecs of over 60 cm/s -ere srvc dn
1975-6.
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definite, in -he Arctic the m a): 4 :s de fnitev e-tcw the sur-
face at 60 to 150 . Thi s a-pes-rs related to the Treserice of the
Ice cover against which the eddy is fricticnaliy d. 1ssipated. Thus
the Arctic eddies enlarge the types of conditions under vnich ed-
dies are ±:nc-n to exist. The prevalence and energy of eddy mo-
tion has led to a change in ideas of ocean circulation. Earlier
ideas were of a mean circulation disturbed only by small pertur-
bations. The overwhelming contribution of eddies to the energet-
ics of the ocean now require a reassessment of these ideas.

EDDY GENERATION

Some comment and speculation on the possible origins and ef-
fects of these energetic features is needed. One of the first
stens is to examine the correlation bet'een tennerature and sal-

inity within the eddy to see if it agrees with that in surround-
ing waters. N{ewton et al. (197h) found the evidence supported a
distant origin although }unkins(1974) found the evidence incon-
clusive.

The only serious proposal for a mechanism of generation so
far seems to be connected with the instability of vertical shear
in a stratified fluid under certain conditions. This mechanism
is essentially the same as that used to explain the breakup of

the mean westerly winds in the atmosphere into the familiar cy-
clones and anticyclones. There is a basic shear of 2 or 3 cm/sec
across the pycnocline in this part of the Arctic Ocean. Calcula-
tions show that this is unstable but -with growth periods of many
months. The growth period is the time taken for an infinitesimal
disturbance to grow by a factor of e. Growth is maxaaum for cer-
tain intermediate wavelengths which are on the order of the Ross-
by radius of deformation. Since the Rossby radius is 10 to 20 km
in the Arctic Ocean, depending on the details of-bov it is calcu-
lated, the baroclinic instability origin is a reascnable candi-
date. The slow gro-th rate in the AIDjEX area and more favorable
growth conditions near the Alaskan Continental Slope suggested to
Hunkins (197h) and Hart and Killworth (1976) that they might be
generated there and advected north to the AiDJEX area. The effect
of the bottom slope, enhanced shear and lack of sunner ice cover
there all favor instability in the Alaskan Continental Slope re-
gion.
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*ce cover cCes not cha&e the vertical Drofi2e, on2y decreasing
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-_.z ... tL. - des a re :enera.a feld i n 7,e n -a n E- the

-. _aE::an c ntnent al Shelf in sul-Lr e e t..n .e c a z, d
cer the ice .ack with the nean current. Once under the ice the
-elocity at the surface is slowed by the ice. The water in the
n:xed laver nmust be quickly slowed by the Ekman spin-down pro-
cess in which =omentum is spread quickly by secondary circula-
tions throughout the layer. The response time for Ekran spin-

d cwn is in the neighborhood of one day. The highly stratified
layers below the mixed layer will lose their momentum much more
slowly. If the stratification is great enough no secondary cir-
culation develops and momentum is lost by diffusion alone. In
this case a simple model may be developed for the eddy behavior
below the mixed layer showing the deepening and decay of the ed-
dy zaximum with time. The diffusive response time is of the or-
der T dC- 2 /K for eddy diffusion to attain a depth H. H is the
depth below the mixed layer of the velocity maximum. The eddy
diffusion coefficient,-K, is an unknown parameter which must ul-
tm--ate3y be determined observations. There is ho-wever some in-
formation on the size of K from measurements in other oceans.
It mitt typically be in the area of I to 10 cm 2 /s in a steep
pycnocline such as the arctic one. For K = 1 and H = 100 m,
Td-- 3 yrs; while for K = 10, T.d 100 days. Thus the time tak-
en for the eddies to reach their observed form is on the order
of months to years according to %ese ideas. It would be possi-
ble to test this if an eddy /cous identified and followed for a
long enough time. It may be possible to do this with the 1975-6
data where the same eddies may have been detected at different
camps at different times. However, the coarse array was not de-
signed for tracking eddies but rather for sampling on the synop-
tic meteorological scale and positive identification of an eddy
across the AIDJEX array is difficult.
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The Fram I Expedition -i
The scientific plan was first discussed by U.S., Cana-

dian, and Norwegian scientists at a meeting in Seattle in
.- September 1977. In order to broaden the base of scien-

tific research, all interested scientists were invited to a
Kenneth Hunkins meeting in Copenhagen on January 31. 1978, which
Lamont-Doherty Geological Observatory was held under the auspices of the Commission for
Palisades, New York Scientific Research in Greenland. Here the scientijic

program. as constrained by the available logistic sup-
Yngve Kristoffersen port, was defined. It was considered important that the
Norsk Polar Institutt, Oslo, Norway scientific program be as broad as possible in this region

which is so little explored in nearly all scientific areas.

Timing was coordinated to take advantage of the
G. Leonard Johnson- Lomonosov Ridge Experiment (Lorex) of Canada
Office of Naval Research I Weber, 1979] so that cooperative programs could be
Department of the Navy arranged.
Arlington, Virginia Fram I was organized as a U.S. station, with participa-

tion by Danish scientists arranged for through the Com-

Andreas Heiberg mission for Scientific Research in Greenland, Nor-
Polar Science Center wegian scientists through the Norwegian Polar Re-

search Institute, and U.S. scientists through Lamont-Seattle, Washington Doherty Geological Observatory under contract to the

Office of Naval Research. The Bedford Institute of
Oceanography served as the Canadian focal point

Introduction In July 1978, the Polar Science Center of the Univer-

Geophysical and oceanographical exploration of the sity of Washington submitted a proposal to the Office of
Arctic Ocean has progressed largely with the aid of Naval Research to take on major responsibilities in the
drifting research stations established on pack ice. The areas of planning and coordination, as well as manage-

earliest drift expedition was carried out between 1 893 ment and field services. With the Office of Naval Re-

and 1896 by the Norwegian scientist and explorer, search approval to proceed, Polar Science Center, in
Fridtjof Nansen, who allowed his especially constructed the fall of 1978, started the detailed planning process,
vessel, Fram, to freeze into the ice to be carried by which included purchasing of camp equipment and
winds and currents. During this time Nansen and his negotiating contracts for aircraft and personnel support
men conducted a remarkable and wide-ranging services.
program of scientific studies. Scientifically, the basic plan was to establish Fram I

Over the past three decades, a number of manned on magnetic anomaly 5 and thence drift over the
scientific research stations have been established by southern axial valley of the active spreading center of
the United States on arctic sea ice in the Amerasia the Arctic Midoceanic Ridge, across the Nansen Frac-
Basin of the Arctic Ocean. These stations were sup- ture Zone, and up the continental slope of Greehland.
ported by aircraft which were based at the Naval Arctic This track would thus satisfy the majority of the stated
Research Laboratory in Barrow, Alaska. Increasingly, scientific needs. After a short geophysical program on

however, scientific interest has grown in the Eurasia the shelf, the camp would then be abandoned about
Basin of the Arctic Ocean, which is not readily accessi- mid-May. As it turned out, however, the ice drift did not

ble by air from Alaska. The Eurasia Basin contains the follow the projected trajectories and had not reached
Arctic Midoceanic Ridge. which extends in a straight the shelf area at the end of the program.
line for 2000 km between the Greenland-Spitsbergen The problem of logistics, like that faced by Lorex,
Passage and the Laptev Shelf. The Eurasia Basin is was complex. It was decided to paradrop the drummed
also the region within which the waters of the Atlantic fuel and explosives via a low-altitude deployment (LAD)
Ocean mix with those of the Arctic. A number of using Military Airlift Command (MAC) C-1 30's from
geophysical, oceanographic, and climatic questions Thule.
center around these two features of the Eurasia Basin.

To study some of thise problems, a plan was devised Execution
to freeze an icebreaker into the pack ice to repeat the
drift of the Fram (NationalAcademy of Sciences, 1976). On February 12, 19,79, all field equipment was ship-
However, by the summer of 1977, it was apparent that ped from Anchorage to Greenland on a commercial C-
the U.S. Navy plan to freeze the USCGC Burton Island 130 aircraft with two project personnel. One went to

into the arctic ice would not receive sufficient U.S. Nord, with the approximately 30,000 lbs. (13,608 kg) of
interagency support. Therefore, in August 1977, at the equipment, to start preparations for the project there
Third Symposium on Antarctic Geology and Geophys- and one remained at Thule to coordinate efforts there.
ics at Madison, Wisconsin, a small group of interested Nord, a small Danish military base in northeast Green-
arctic scientists (T. Gjelsvik, F. Roots, L. Johnson, and L. land, was utilized as the prime logistic support base for
DeGoes) met to discuss the matter. It was the Fram /through the generosity of the Danish Defense
unanimous and enthusiastic conclusion that some Command.
action was needed to spur scientific research in the In late February and early March, project aircraft,
eastern Arctic. The concept of Fram I was thus initiated, equipment, and personnel started arriving at Thule.

EOS, voi. 60, pages 1043-1044
Copyright American Geophysical Union 1979
0096-3941/79/6052-104301.00



On March 11, Fram I was established at approx- using Magnavox 1502 and 706 receiver units The two
imately 84 24"N. 06 00"W. after tne site had been portable 1502 units were used for most of tne camp
visited twice in the preceding week during reconnais- positions and were also taken to re'mote sites or occa-
sance by the Twin Otter aircraft sion for absolute positioning for geophysical surveys

By March 20, all personne'i were athe ice camp. and Between March 18 and May 12 a total of 1178 accept-
by March 22, all primary equipment and supplies had able fixes were obtained for Fram 1, Maximum standar
oeen delivered to the station fn 22 Twin Otter flights deviations based on Doppler data residuals were 64 rr
and 5 Tri-Turbo 3 (TT3) 'lights. a total of approximately in latitude and 88 m in longitude The Omega navigation
80.000 lbs (36.288 kg) of cargo and Personnel was air- sets in both the Twin Otter and the helicopter generally
lifted from Nord to Fram. provided reliable navigation for remote surveys.

By March 23, the 317th Tactical Airlift Wing of MAC
had completed their mission of air-dropping fuel,
including 300 drums of JP-4, 72 drums of JP-5, 16 Bathymetry
drums of Mogas. and 10 toa, of explosives from an Ocean depth along the track of Fram I was monitored
altitude of1600 feet (487.7 m). All pallets landed safely continuously with a 12-kHz echo sounder. Spot deptn
Only one pallet went through thin ice with the loss of soundings away from camp were also obtained during
parachute and rigging; however, the drums were
recovered by helicopter. All material was rigged in geophysical surveys by using the helicopter. A
Thule for paradrop by the Army's 18th Airborne Corps. bathymetric profile along the drift track (Figure 2)

During the last week in March, as the science showed depth gradually decreasing as the station
program had just started into full operation, the camp drifted over the flank of the Arctic Midoceanic Ridge
was split in two by a crack running through the Bedford from its initial location above the Pole Abyssal Plain

Institute hydrohole. With minor relocation away from the (4000 n). At the time of evacuation, Fram Iswas located
crack, the sampling program continued almost uninter- in 2300 m of water, 30 km from the ridge axis as deter-
rupted from what had now become two camps sepa- mined during helicopter surveys.
rated by approximately 1 km. The lead separating the
camp eventually refroze and became a Twin Otter run- Gravity
way. With some ongoing ridging and cracking, the ice
held together until the end of the program. After an During the drift, gravity was measured continuously
'abnormal' northerly drift during the month of March, with a Lacoste and Romberg Model G gravimeter
Fram Ifinally started moving south in April. especially modified, with variabie damping and

A gradual reduction of the Fram I program began on electronic readout for use on pack ice. This instrument
May 8th, a few days ahead of schedule. The reason for was also used for helicopter surveys. The results will
this came from a combination of circumstances; the ice provide supplemental information for geophysical
in and around the camp was becoming very active, the crustal interpretations and will furnish geodetic data in
approach of summer with foggy weather conditions an area where flite such information existed previously.
started to curtail flight operations, and science objec-
tives for the most part were met. Although the camp at
the time was moving at a rapid rate it was apparent that Deep Seismic Refraction
it would not reach the planned conclusion of the
scheduled drift, the continental margin of Greenland. Crustal velocity structure and its anisotropy were

The last day of data collection was on May 13, and by measured with 12 seismic refraction profiles which
May 15 all personnel were off the ice, and the experi- extended to distances of from 40 to 100 km from Fram I.
ment was completed. Poor weather and the loss of the Both an ocean bottom seismometer and an array of
runway on the final day resulted in more equipment sonobuoys were used as receivers. The profiles cover

being left behind than had been planned. In particular, the area from the flanking abyssal plain to the axial

several shelters with furnishings and kitchen ap- valley and should provide details of lithosphere struc-
pliances were abandoned. Remaining fuel was only ture beneath this slowly spreading ridge.
5%-6% of the initial cache.

On May 16, the helicopter and the Twin Otter left Sub-bottom Profiling, Shallow Seismic and
Nord for Thule, and the TT3, after a final buoy mission Microearthquakes
on May 18, left Nord for Thule on May 19. Two C-1 30
aircraft (one on May 17 and one on May 22) evacuated A 40 cubic inch (101.6 cm3) air gun and a single

equipment and remaining personnel from Nord to the hydrophone receiver were used to survey sediment
U.S. thickness. On the Pole Abyssal Plain, sediment cover

was represented by over 1 second of two-way travel
time. As the station drifted toward the ridge crest, sedi-

The Scientific Program merit thickness thinned progressively. Seismic profiles
at ranges of about 10 km were shot to sonobuoy

Navigation receivers to determine the structure of the upper sedi- '

merit layers. The three to six sonobuoy receivers were

Fram Idrifted mainly southward as expected, except spaced several kilometers apart. They were operated in
for an initial northward movement under southerly a continuous mode in order to monitor microearth-
winds. The drift track, covering nearly 300 km, is shown quakes in the vicinity of the Midoceanic Ridge. Near the
in Figure 1. All positions for the camp were determined ridge axis, seismic events were recorded at the rate of
with the U.S. Navy Transit satellite navigation system two per hour.

II
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Fig. 1. Drift track of ice station Fram i in the Arctic Ocean north of Greenland.

Helicopter Geophysical Surveys 
m with a profiling current meter. There was considera-

0i

ble variability in the salinity structure of the upper
Regional geophysical surveys were conducted with layers. An extensive surface front was identified with a -

the helicopter based at the camp. Landings were 
made salinity difference of 07 ppt within a distance of 

10 to

at 5-kin intervals for gravity and depth observations. 1 5 kin. The front was accompanied by a distinct current
Four hundred kilometers of such survey line was flown. system.

In addition 200 km of continuous aeromagnetic lines Both sea ice and water were sampled for later

were completed analysis of their tritium content.

Physical Oceanography Underwater Acoustics

The upper ocean was sampled for temperature, Explosive sources were detonated at both Fraac o and

salinty, and velocity on various time and space scales. the Lorex satellite camp, Iceman, for long-range sound

Hydrographic profiles were taken to a depth of 270 m propagation experiments between the two stations. The

with an ODEC/CSTD instrument both at Fram and at effect of water and ice properties on low-frequency

sites remote from the camp. A total of 105 casts were propagation across the Eurasia Basin was studied.

made with this instrument, 75 of these being taken at Ambient acousic noise was also investigated at each

remote sites up to 150 km away from the camp. At the station. Basin severberdtion was also determined bya

camp h profiles were taken twice each day to a depth of using the large explosions, as well as the other smaller

750 m with a Plessey 9040 CTD instrument and to 200 shots, set oft for seismic refraction use.
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Marine Biology The following individuals were responsible for scien-

tific programs and support activities:
Primary productivity, nutrients, chlorophyll, salinity, Navigation, bathymetry, gravity, and physical

and temperature were sampled extensively in the upper oceanography: Kenneth Hunkins, Lamont-Doherty
200 m of the ocean. The productivity of flora on the bot- Geological Observatory of Columbia University;
tom of the pack ice was also studied. Mesopiankton
were sampled throughout the water column in order to Shallow seismic, microearthquakes, helicopter
study their relation to hydrographic parameters. geophysical surveys, air pollution, and electromag-

netics: Yngve Kristoffersen, Norsk Polarinstitutt, Oslo;
Deep seismic refraction and sub-bottom profil-

Polar Bear Studies ing: Robin K. H. Falconer, Atlantic Geoscience Centre,
Bedford Institute of Oceanography, Department of

Polar bears, which are now a protected species, have Energy, Mines, and Resources, Dartmouth, Nova Scotia;
been of great importance to native hunters in the past. Marine biology: Jean Just, Zoologisk Museum,
The migration pattern of these bears is still largely Copenhagen;
unknown and a matter of controversy. To provide infor- Polar bear studies: Christian Vibe, Zoologisk
mation on their migrations, collars instrumented for Museum, Copenhagen;
satellite telemetry were successfully placed on four Underwater acoustics: Henry Kutschale, Lamont-
polar bears to allow them to be tracked over large dis- Doherty Geological Observatory of Columbia Univer-
tances. Preliminary results show some bears covering a sity;
distance of 250 km in 1 week. Also, seven bears were The chief scientists were Kenneth Hunkins and
tagged for later identification as a further aid to estab- Yngve Kristotfersen.
lishing migration patterns. The operations manager was Andy Heiberg, Polar

Science Center, University of Washington. Camp
Meteorology and Electromagnetics managers were Al Heilscher, Polar Science Center, and

J. Ardai, Lamont-Doherty Geological Observatory of
The atmospheric boundary layer above the ice flow Columbia University.

was studied with a sensor array on a 10-m tower.
Weather data were transmitted twice daily for inclusion
in the World Meteorological Organization surface Acknowledgments
charts. Pollution of the polar air was investigated with This work was supported by the Office of Naval Research
sampling of mercury, sulfur, and aerosol content, under contract NO0014-76-C-0004. This is Lamont Doherty

Three meteorological data buoys were deployed in Geological Observatory Contribution 2931.
the area north of Svalbard as part of the Garp project, References
including one which was activated on the abandoned
Fram I campsite. This buoy has provided further drift National Academy of Sciences, Scientific plan for the proposed
data on the station which exited into the Greenland Sea Nansen drift station, report, 247 pp., Polar Res. Board. Nat.
during August. Acad Sci., Washington. D.C., 1976.

The reception of ELF/VLF radio signals was Weber, J. R., The Lomonosov Ridge experiment: 'Lorex 79,"
monitored and HF absorption was measured. Eos Trans. AGU 60(42), 1979.
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Introduction -- is effectively minimized. Miesciscale CTD (con-. With all scientific goals accomplished. Feove
ductivit%. temperature. avid depth) surveys 3 was evaruated onl Mav 13. 1981. at a posi-

On the fourteenth Of March 1981, Framv 3, were also conducted by helicopter to depths sion of 81'43'N and 3YI5YE. The resulting net
* the third in a series of four U.S. manned ice of 500 m in order to expand the areas of ob- drift of 36) km pros-ed to be much longer

camps, was established in the eastern Arctic servation as well as to map various features than that of From 1 (163 kin) and From 2 (83
Ocean at 84.32*N. 20.07'E for oceanographic and their temporal variations on length scales kin) stations during the previous years. This
and geophysical research in the Eurasian Ba- of 10 to 300 km. A profiling Current meter- not only allowed experiments to be carried
sin north of the Greenland -Spitzbergen Pas- CTD unit was also used at the main camp to out over a large geographical area but also
sage. study the response of the upper ocean to over a range of ocean depths, from a maxi-

Investigators from several institutions in storms, mum of 4088 iny in the Nansen Basin to a
the United States, as well as from Canada At camp. samples for chemical and bio- minimum of 727 m above she Yermak Pla-
and England. participated in studies of physi- chemical analysis. ranging in volume from 1.2 teau. Figure I shows the drift tracks of the
cal and chemical oceanography, low-frequen- to 100 1, were taken at many levels through- three From stations superimposed on the gen-
cv underwater acoustics, geophysics, and the out the water column. Various projects were eral bathymetry of the Arctic Ocean.
mechanics and propagation of waves through designed to study. the concentrations of triti-
sea ice. A Bell 204 helicopter and crew were um, oxygen. alkalinity, nutrients, respiratory Background
stationed as From 3 throughout the drift in enzymes, trace metals, ammonia, dissolved si)-
order to support research efforts and camp icon, and bomb-produced C-14. After completion of the Arctic Ice Dynam-

* operations. Several oceanographic buoys that Further geophysical information was also ics joint Experiment (AIDJEX) in the Beau-
* used satellite telemetry wyere deployed during

this time period.
Oceanographically, the Frailt 3 regicn is of

* interest because of the proximity of the polar
front, which separates the outfiowing Arctic
surface water from the inflowing Atlantic wa-
ter in the Greenland-Spitzbergen Passage and
northward. Significant amounts of heat and
Salt are transferred through this strait as
compared to other passages into the Arctic
Ocean, Such aS the Bering Strait and the Arc-
tic Archipelago [Aogoard and Greumae, 1975].
Variations in these transports of heat and salt
through the Fram Strait may prove to be a
significant factor in climate change. Estimates
of vertical fluxes in heat and salt were also ...
pars of the ongoing experiments of the Fram
expeditions. These would help determine

spatial variations of heat loss from the Atlan-
tic water into the upper layers of the Arctic-
Ocean (lest than 200 in). It was also hoped
that data might also provide more insight
into the origin and effects oft the steep pycno-

'Lamont- Doherfty Geological Observ-atorye
of Columbia University. Palisades, New Vork.

"Bigelow Laboratory for Ocean Sciences, % C
West Booth Bay Harbor, Maine.

l5Atlzntic Geoscience Center of Bedford In-
stitute of Oceanography, Nova Scotia, Cana- .
da. k

* Atlantic Oceanographic Laboratory of
Bedford Institute of Oceanography, Nova
Scotia, Canada.

'4Tritium Laboratory, Rosenstiel School of
Marine and Atmospheric Science, University to OIL
of Miami, Miami, Florida. Fig. 1. Locations of all portable CTD stations taken during the Fram 1, 2, and 3 experi-

'Scott Polar Research Institute, Cambridge, ments. Drift tracks of the individual camps are also showsn in reference to Greenland. Spitz-I England. bergen. and bottom topographic contours. The end of the drift track is labeled by the camp"Polar Science Center, University of Wash- identification. Depths are given in kilometers.
ington, Seattle, Washington.
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0096-394 1/82/6335-0627$0I .00



u ;nw.ral 1-ck uaa emphakrd, hthe U'r- pimal w~runogralhet, at and ca~l r'1,,,,, do~~dfsi, cr : irn h:gh1, paut,

S tair', n;Adc a (ome¢rird efiorl lo bt-rI pe-o- th,, I,,In? .€ciewr (.entr, yeg m. tle rt:,o&rr, rieli ir ia ri, dfiri, it w.,Ion Si-a in inelig:tinth ine~nictu W.4m~ Gi ti . rhryn te l ' (trg7,,filnia A:,riv

phical .4td o( -ant,graphi; Ine s-u ' ,n sin ' " ,%iti of Ww..hington, tei. ausd tt, -hrs,1(111 ia a p.ph of th A riit ,Aa_rrH Arcuc (rear Thc F:rar!. exi,'--; n.,i}r}r] .. O:a

111.1 set-i"- ,f shrir-diiraimy mannerd cam.rps aw ~ (.Y. M.S I lid!him ical Ruhakon
localed on the drittirig park ic rorih of , , .,,,,*nngt (Tarn the Un- a trHrd a B.Sc rom Da;-

(;trenitid ha, been lit. t(',-u of ti eflor n I r -,t t, Cah/ , s o at Do- -. hoi U UI C'-rt3s and I a?.
COOeraItrio and partic aiwn frirn Nor,,a. v., tf in Ci:.rd a Ph.D. i Mnc a B.hc. l,,,
D)M nmark. and Canada in se eral of the expe- 

1978 in g,, , r t U" "

diions have been an important aspect in vrr.tt) of Itahiigton i - 1978. She L %d in
lthese' projects. 1980. He us a meimber of Szg'rw Xi. 1t e ncnafl1' 4 Alni iiice

The project name From echoes that of the Geoph'cical I nron. and tdip' Cunrent ler Tech- Centre. of Bedfor critui
specially designed ship that was frozen into 2olog3 CoMMittee of the IEEE Council on Oceani ". ntreOf Bedford tuShetue

the pack ice of the Arctic Ocean neat the Eng uer ng. His current research intrf .t are n 0.tic t tedi th 5F ra ) 2

New Siberian Islands by the Norwegiarn-q.- expertmtntal a4 theoretical studies of the dinamics and 3 expedazons and ts
plorer Fridijof Nansen, in a milestone of po- and thermodynamics of the upper Arctic Ocean and involved in continuing research in the arctic.

* lar scientific exploration. During the drift of marinnl ice zones.
the original From (1893-96), an unprecedent- Ted Packard is a prn-
ed amount of information was collected over Peter Wadhams is as. cipal vestigar t a te
the deep ocean of the Eurasian Basin. ~ -. sistsznt director of research We g a h

The first of the modem Fram camps was at the Scott Polar Research g Ocean Scences. He fo-
established on the drifting ice at a position of Ocatitute, University of r-eied

Insitte Univasit was aUS f -eceds fmB.I.. n hit84"24'N, 6*00'W. on March 11, 1979 (Figure mJOKS. Cambridge, England, and 1, enesfrom M.l. i. and his1). From I was a U.S. drifting ice station that leader of the Sea ice Group M.S. and Ph.D. in ocean-
had scientific and logistic participation by there. HiA research interests o hM Universi-

Norway, Denmark, and Canada. Away from tldeo the S op agiden-
th ancm n Cnd.Aa rminclude the topography and ( 5 ~.' ty of Washington. His re'-

the main camp a CTD survey, seismic refrac- thickness distribution of seaosearch is focused on biolog-
p bon lines wereisppord m.e in the Arctic Ocean, the A d- icall regulated chemical
polar bear migration studies were supported interaction of ocean waves reactions in the ocean. He is a member of the
by helicopter. At the main camp there were with sea ice, and the dynamics of ice edge processes American Chemical Society, the American Geophys-
programs in physical, chemical, and biological such as band and eddy formation. From 1980-81 cal Union, the American Society of Limnology and
oceanography, as well as surface weather he was visiting professor at the Naval Postgraduate Oceanography, and the Catalan Biological Society.
monitoring. Although the drift of the camp School, Monterey, and he is involved with the
did not reach its anticipated destination by planning of the MIZEX ice edge experiment. Kenneth Hunkins is a

S evacuation time, a large amount of geophysi- esenior research associate at
cal and oceanographic data were obtained Stuart Moore is a re- Lamont-Doherty Geological

Preliminary scientific results from Frain I -sactehiintte J -- j Obestoyndna-
Pristosel 1979 ckie nsf ret aro, 179a, -Scott Polar Research Insti- junct professor in the De-

• were presented at the special session 'Arctic tute, working primarily for partmen of Geological Sci-
Geophysics and Oceanography: LOREX and the Sea Ice Group. He is ences at Columbia Univer-
Fram 1' during the American Geophysical involved mainly in the de- sity. His polar research
Union Spring Meeting 1980. Interesting re- sign and development of 4 centers on currents of the
suits suggest that the crust in the Amundsen field and laboratory equip- Arctic Ocean and their
Basin is less than 3 km thick and is related to met and has particpated driving forces of wind and
the slow spreading rate of the Arctic Mid- n u nyds s n

Ocean Ridge. Reed andJackson [1981] have in numerous Arctic and gravity, and it includes spatial scales ranging from

* aso ormlatd atheretcalmodl fr se - Antarctic field experiments. the large-scale mean circulation through mesoscale
also formulated a theoretical model for the eddies to small-scale processes and internal waves.
relationship between crustal thickness and lery Lee, B.S. (earth He is also studying current behavior in submarine
frm nra the rxpeditine butao nrom only and planetary sciences) canyons of the East Coast with an array of mooredfrom the Fram expedition but also from nu- M.I.T., M.S. (physical oceanographic sensors. He lives in Nyck, Neu,

merous areas around the world agree with ocMIToMSaphy siy oorav
the model. Also observed on one of the re- oceanography) University Yok.

fraction lines was'a local hot spot over which of Miami; a newcomer to Thomas Manley re-
the crust was sigrtificantly thicker, 8 km Uack: arctic research and ice ceived a B.S. in mathemat-

son etal., 1982). camps, she says she's al- its and geology at Kent
Although baroclinic eddies of the type ready hooked. Valery ii State University in 1974.

highly prevalent in the Beaufort Sea north of working with the Tritium Further graduate degrees
Alaska IMnley, 1981; - Duxit, 1978; Hunkins. Lab in Miami, where the) (M.A., 1976; M.Phil.,
1974; Newton et a., 1974] were not observed, do proportional gas count- 1978; and Ph.D., 1981)
a prominent front was found in the mixed ing to measure tritium and radiocarbon IevuLs in were earned through La-

layer. Heat flux from the Atlantic water into the ocean She likes to get out in the field and o mont-Dohery Geological
the surface mixed layer is effectively mini- some hands-on oceanography so as not to lose touch 9 ,t - Observatory of Columbia
mized by the steep pycnocline overlaying the with 'what it's all about.' Sailing her 15' knock- - University in the field of
Atlantic water, even close to the main polar about in Bicayne Bay provides an excellent anti- physical oceanography. His dissertation dealt with
front region [Aagaard et al., 1979; McPhee, dote for those ice-camp blues. mesoscale eddies of the Arctic Ocean and their
1980a). Both portable and camp-based CTD characteristics and effects on energy, heat, and salt
measurements documented a type of frontal - Lou Codispoti is a balances. Research interests include allfacets of
intrusion of colder, more saline water from pricipal invest igator at physical oceanography in the Arctic Ocean.
the south and may have originated from the I the Bigelow Laborato pfor

arctk continental shelves (Aagaard et al., 1979;-, Ocean Sciences. He re- Peter Jones obtained

lunkins and Manley, 1980; McPhee, 1980b]. ceived his B.S. in chemistry - his education at the Uni-

In the following spring, Fram 2 was estab- from Fordham University versity of British Columbia,

lished on March 14 for the study of long- and his M.S. and Ph.D. in , receiving a Ph.D. in 1963.

range, low-frequency, underwater acoustics, - oceanography from the Since 1973 he has been at

and later its two manned satellites, camp I r University of Washington. the Bedford Institute of

and camp 2, were also set up (Allen et al., He i a member of the Oceanography, where much

1980). Marine geophysics and physical ocean- American Geophysical of his work has focused on

ography were conducted at the main camp as Union, the American Society of Limnology and the chemical oceanography

weD as along lines radiating away from the Oceanography, and the Arctic Institute of North W' of arctic regions.
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Cates that 2 to 3 km of sediment o'.erla% a grams on Fraim 3 arnd ,l'ai)Able pr et'rurnars31 fkurther knott lcdgV AI)OUT tireW f(valZSr esill
crust of less than 5 km. agreeing fairls cltiselt result% are listed theloi aid in thet understanding of lateral mixing
with the Frain I results fbVtt-krr'rth rt ai. within the Arctic On can and of transport pro.

su1 rfc982sae dy a bsre Larnont-Dohrerly Geto~ioraI Obseriiator- cesses across the pola! front. The camp
A susurfce esosalerddvwasObsevedpassed ov-er two features. 15 and 25 kin

,3n a helicopter traverTse to Camp I from Frain Station p/t trr-oI tffahtgraflk . I'ro)fleS Of across, of annmaltusl% high salinitv and iem-
* 2. This is only the second Observation 61 Conductivity, temperature. avid oxygen were peratrte. which had apparent),% Originated

subsurface mesoiscale edd% in the Eurasian made to depths of 1000 mnat least three times from Atlantic water. T he% appear to be ed-
* Basin. The first observation of such a feature each day. using a Neil Brown CTD equipped dies shied by the pnlar front. Work done b%

was made by Shirshov in 1937 from the Sovi- with an oxygen sensor7. Stations to the bottom Hiinkin 1)1981 ] indicates that this region is I
et drifting ice station NP-I (as reported by of the ocean were taken on a weekls basis. A batoclinicalkr unstable and that features with
Belvakov, 19721. Thickness of the eddy was pinger mounted on the CTD permitted data a scale of approximatey 10 ksm are the fastest
about )75 mn and was in the depth range of to be taken within a few meters of the bot- growing (doubling time of 2 weeks).
50 to 225 mn. The depth of maximum angular tom. A 12-bottle rosette sampler and revers- Alignment of the polar front was generall%
velocity was calculated to be at 90 in. These ing thermometers were used to obtain tem- NE-SW. Its location, on the basis of salinity.
characteristics are similar to those observed in perature, salinity, and pressure data for later was fairly stationary over the 1 -month obser-
the Beaufort Sea during the main AIDJEX calibration. varion period. although temperatures showed
experiment. Additional CTD stations were taken to pro. a more variable pattern.

vide geochemists with small 1.2-I samples of Ocean curret. The properties of inertial
Stagng f Frm 3water for the study of tritium, oxygen. dis- and internal waves were investigated with anStagng o Fran 3solved nutrients, and gases within Ithe water array of five Aanderaa current meters

In late February of 1981 the advance team column; to provide intercalibration stations equipped with conductivity. temperature. and
for Fron 3 accompanied a group of U.S. between the portable ODE (ocean data equip- pressure sensors. Two strings of current me-
Army parachute riggers from the 612th QM mnent) and Neil Brown CTD's; and to provide .ers were deployed--one in a lead at the edge
Company of Fort Bragg. North Carolina, as a concurrent station at Fraim 3 at those times of the large Fromn ice floe, 5 km from the
well as the support crew and officers of three that the portable CTD was away from camp camp; and one at camp itself. The 'lead
U.S. Air Force C-130 Hercules transports on a helicopter transect, string' had instruments suspended at depths
from the 317th Tactical Air Wing of Pope Preliminary results show passage of the of 25 and 100 m, while the 'camp string' had
Air Force Base, North Carolina, to Thule, main camp through the polar front, a some- instruments at 25, 100, and 480 m.
Greenland. These C-ISO's were then used to what linear surface feature on the order of The 100-in lead instrument documented
transport all scientific and logistic gear to the 100 kmn wide and extending to a depth of the passage of the camp through part of the
Danish base at Nord on the northeast corner roughly 300 mn. Large temperature and salinsi- frontal zone. Superimposed upon the frontal
of Greenland, while the Army riggers at ty variations were observed frequently within transition of temperature and salinity along
Thule prepared the necessary lumber, fuel, this depth range. Fine Structure was also the steady southwest movement of tire camp
and explosives for eventual C-130 paradrops highly variable in this area. Yo-yo CTD sta- are the signatures of the anomalous intrusion
over Frain 3. tions that were taken every 20 min to depths of warmer, more saline water (Figure 2). pre-

A DeHavilland Twin Otter and a specialty of 400 mn Were, in several cases, inadequate viously described in the mesoiscale helicopter
modified DC-S 'Tn-Turbo' were then used for keeping track of the individual fine-stuc- oceanographic survey. Data from two Aan-
for location, establishment, and support of tured features. Well-mixed botundary layers deraa current meters (25-in lead, 480-rn
the drifting ice camp. On March 13, Froin 3 were also observed at abyssal depths as well camp) were discarded because of flooding
was established on a large multiyear floe that as along the slope and top of the Yermak Pla- and circuitry problems.
meastured 3 kmn by 5 kmn and had an average teau. vdrwaroucosrain.Suiso n
thickness of 4 m. Bad weather and radio Miaoscale helicopter oceursograprmc survey. dewtrsound propagation were conducted
communications prevented further flights to Helicopter mobility provided the means to by using sensitive hydrophones and a single
Fran 3 until 5 days later.

By mid-April. 203,000 pounds of fuel. lum-
ber, and explosives were paradropped to
Frain 3 by the C,-ISO's. An additional 75,000 YERMAK PL.ATEAUI

pounds of scientific and logistic gear were
landed at Fromn 3 by way of 24 Twin Otter

pand five 'Tri-TurbO' flights. From April 6 to 1
May 5 (last day of the scientific program) an
average of 19 people were stationed at the -,

camp. By the end of the manned drift, a total
of 895 'man days' had been logged ;at the 'tRAVYy TvpOPMRAPWq
camp.--' '

Final evacuation from Fran 3 was on May g, ~ r~''-

I3, at a position of 8 1 43'N, 3*1 5T, 61 days S.71
after the first landing. The net drift of the ice
station was 361 km to the southwest at an av- 1' V
erage drift rate of 5.9 kmld. Due to the me- 4111.N BSI

andering of the camp along the drift track, NANE BAU

the total distance covered was 505 km, with a
computed average drift velocity of 8.3 krnld. b i . ro ,s u i r

Following a few days of packing at Nord, DATE ,JAPO DAVS
two C- I 0s from the 36th TAS of McChord Fig. 2. Temperature and salinity time series recorded at the edge oftire large Fram.3 ice
Air Force Base. Washington, removed all re- floe. Data were taken by an Aanderra current meter suspended at a depth of 100 m.
mtaining gear and personnel from Nord to _______________________________________
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liaii ,'r" €oi;iinuolukh retded one liec~l- .

PaiL,d FM rrcoiders
Single earthquakes. as uell as 'arthquake

%warm'. were i'ordt'd frt'quent,. utli t'it

carthquake Trcorded eser' da on the aer- I-:
age. Although epicenters of the earthquakes
could not be fixed because of the single re-
cording site. most of them apparent" urigi" "
nated from the Arctic Mid-Ocean Ridge. S

Geo, p a)l ob.irrvafmeu. A marine gteoph.s-
ical program provided background dakon . i
position, depth. magnetic declination. f'loe az-

imuth. and grav.ity.. A geophyisical data report ,
summarizes these results lHunkins e al., 4 i
1981). Figure 3 shows the depth and gravitv 'I
field along the drift track of Fra 3. J

Bedford Institute of Oceanography .. T
Chemical oceanography. The Bedford Insti-

tute of Oceanography's primary program for _.

chemical oceanography included measure- ,Usn 106 1a " os 6. 1, 1 25 Two 1;5 5 11* 1s 1
ments of oxygen, salinity, alkalinity, nutrients DATE ,UPIAN DAVS

(nitrate, phosphate. silicate), trace metals Fig. 3. Gravity and topography along the drift track of Fram 3.
(Mn. Fe. Ni, Cu. Zn. Cd). and radionuclides
(Cs-137, Sr-90). The goal in measuring the
first group of components, oxygen. salinity,
alkalinity, and nutrients, was to characterize the use of a tethered ocean bottom seismome- Bigelow Laboratory
the water in the Eurasian Basin and above ter. The sound source was from 20- to 100-
the Ycrmak Plateau and to study chemical kg TNT charges carried away from the re- Chemical and biochemical oceanography. Dur-
processes, e.g., nutrient regeneration. that oc- ceiver by helicopter and detonated in areas ing the first half of the Fram 3 experiment,
cur in the Arctic Ocean. More than 100 sam- where thin ice made access to the water possi- observations of the chemical and biochemical
pIes were collected at fairly closely spaced ble. A 150-km line along anomaly 7 (26 m.y.) properties of the water column were made.
depth intervals from 3800 m to the surface, in the Nansen Basin was completed in an These included on-site analyses for dissolved
as the ice camp drifted toward and over the area where oceanic crust formed by slow oxygen, ammonia, dissolved silicon, nitrate,
Yermak Plateau. For radionuclides and trace spreading could be investigated. Three lines nitrite, and reactive phosphorus from sam- -
metals the goal was to characterize the water were run on the Yermak Plateau. Line 2 was pies collected directly beneath the ice cover to
column and to see if there were any near-sur- run in water depths of about 2000 m on the a depth of 4000 m. On-site determinatiohs of
face higher concentrations associated with slope of the Yermak Plateau. Line 3 was par- the activity of the respiratory electron trans-
Bering Sea water, as has been observed near allel to line 2 but on the top of the plateau, port system (ETS) were also made on eight
the North Pole on the 1979 LOREX expedi- and line 4, also on the plateau, was run per- samples taken from depths as great as 2000
tdon (Weber, 1979]. Because sample collection pendicular to line 3. m. Preserved samples were returned to the
was more difficult, especially for the radionu- The reflection profiling system was in op- Bigelow Laboratory for examinations with a
dides that required 100 1 of water, fewer eration at Fram 3 from April 11 to May 5, scanning electron microscope and for deter-
samples were collected. About 20 samples for 1981. The ocean bottom seismometer (OBS) mination of their nutrient, chlorophyll,
trace metals and 15 for radionuclides were was deployed at camp. but the refraction pro- phaeophytin, particulate nitrogen, and panic-
collected between depths of 2500 m and the files generally ran parallel to structure and ulate carbon contents.
surface. were shot away from the seismic reflection With the exception of the scanning electron

A secondary program was to collect ice line at large angles. The reflection records microscope examinations, all of the labora-
samples for analysis of alkalinity and some provided information on the thickness of sed- tory work has been completed. Initial analysis
major ions (Ca, Mg, Cl, and SO4). The goal iment below the OBS and a cross section indicates that metabolic rates in the Fram 3
of this program was to analyze the ice to de- across a portion of the Nansen Basin and the water column are extremely low. Nitrite and " -

tect chemical differentiation of ions, which Yermak Plateau. The 9000-J Edgerton spark- ammonia concentrations were zero or very
occurs during freezing, and hence possibly to er provided a clear record of sedimentary close to zero throughout the water column.
be able to predict ice meltwater content in layers with varying dips on the plateau, but and ETS activities were low in the upper 125
near-surface seawater from an analysis of ma- only a minimum thickness of sediment in the m and undetectable below that depth. This
jor ion content. Altogether, about 15 differ- basin because oceanic basement is not obvi- was the first time that ETS activity could not
ent ice samples were collected from leads. ously recorded, be detected in the deep-sea samples. While
pressure ridges, and one ice core. Along the reflection profile, 10 heat flow these results were not surprising, they will

Analyses of the samples are presently un- measurements were recorded with a 2.5-m prove useful (when combined with data from
derway, and most should be complete within Applied Microsystems probe, and 10 accom- other regions) in clarifying the relative im-
about 3 months. Detailed interpretation of panying short gravity cores of about 30 cm poriance of the processes that feed the 'deep
the results will take longer and will be done were taken. The heat flow measurement and metabolism' and in constructing an inorganic
in conjunction with the physical oceano- cores were done at water depths from 3675 nitrogen budget for the Arctic Ocean. Al-
graphic measurements, to 795 m, accomplishing a line from the edge though some weak maxima and minima were

Scsmics and heatflow. The Atlantic Geosci- of the Nansen Basin to the top of the Vermak observed in the vertical dissolved silicon, reac-
ence Centre of Bedford Institute of Oceanog- Plateau. tive phosphorus, and nitrate distributions.
raphy ran a geophysical and geologic sam- Refraction lines in the vicinity of the Yer- there was no evidence for the presence of
pling program on Fram 3 that consisted of mak Plateau indicate that its northern tip is substantial amounts of the high nutrient wa-
seismic refraction, seismic reflection, heat predominantly of oceanic origin, whereas the ters that enter the Arctic via the Bering
flow, and coring. broader, more southern segment is of conti- Strait. In addition, these data do not suggest

The seismic refraction program involved nental origin, a large contribution to the subsurface layers



from %aters formed o, er the continental Polar Science Cnter-University of The second experiment insol'rd the de-
shelf during the ice formation season- Washington plo toeni and testng of two reiv (oeano-

graphic buoys built b the Polar Research
Tritium Laboratory, Rosenstiel School of Current vtlocity-CTD pvofih.ng, dr(,% 7(cphic Laborator%. The bums ate being deeloped

Marine and Atmospheric Science bssn mrteology. The 5( irtific gioup fiom to provide a Ieans of gathering long-term -

the Polar Science Center carried OUt three hydrographit data in the upper Arctic Ocean
Clmical Octanograph), Detailed profiles of main experiments at Fram 3. First, a new Arc- One buoy is a thermistor buoy (T-buoy) and

water samples were collected at three points tic Profiling System tAPS) was used during the other is a tenperatur--conductivity buoy
along the drift track for later analysis of their the experiment to examine the response of CT-C buoy).tritium and "He content. Results from the the upper ocean to storms. An additional The T-buoy incorporates an electronics/

earliest samples show highly tritiated water goal was to use this device to study the verti- ARGOS transmitter package in an aluminum
above the halocline. indicating that, at this cal and horizontal circulation patterns within tube and a Kevlar cable with thermistors im-
early stage in the drift, Fram 3 was situated in leads. The new APS was built by the Applied bedded in it every 20 m, hanging to a depth
a region of outflow from the Arctic Basin. Physics Laboratory of the University of Wash- of 200 m. The buoy transmits temperature
The tritium-salinity relationship of these sam- ington and is a more compact version of an from all the sensors through the ARGOS sat-
ples seems to uphold the view that, below the earlier instrument described in Morison eilite system four times per day.
upper mixed layer, Nansen Basin water is [19801. The device is a wire-lowered instru- The buoy was installed at Fram .3 and left
composed of binary mixtures of Atlantic ment that measures continuous profiles of there after evacuation. The primary objec-
source water and predominantly meteoric conductivity, temperature, and velocity. Dur- tives were to perform intercalibrations with
freshwater [Osilund, 19821. The derived triti- ing the experiment, there were three storms the APS and T-C buoy, provide a picture of
urn values of the freshwater source imply an for which good records were obtained. Dur- the thermal structure in the East GreenlandDrift, and test the survivability of the design.
approximate 10-year residence time for the ing these storms, casts were made to 300 m Data gathered simultaneously with the APS
freshwater component in the East Arctic Ba- every half hour. One such sequence of pro- ata the imulaneosly wite A
sin. Fram 3 tritium-'He ages, which provide files measures the development of a 35-m- and the T-buoy generally agree.
an essentially independent estimate of resi- thick mixed layer from an initially stratified After the end of the experiment, the T-
dence time, corroborate this result, condition and should provide an especially buoy drifted south along the coast of Green-

A profile of large-volume water samples good basis for comparison with mixed layer land and through Denmark Strait. Figure 4
was obtained by using a 100-1 General Ocean- theories. Conditions at Fram 3 were highly shows the drift track of the buoy. It is note-
ics Go-Flo Sampler. Carbon dioxide gas was variable, and dramatic changes in the water worthy that the T-buoy remained in a fixed
extracted from these samples at camp for lat- structure, especially temperature, were quite relation with the three other buoys left at
er radiocarbon analysis. Samples down to common. The variations are related to the lo- Fram 3 (two from the Polar Research Labora-
1250 m show a definite presence of bomb- cation of Fram 3 near the ice edge, and the tory and one from the Norsk Polarinstituit)
produced i4C; deeper layers show what is data will be compared to those obtained dur- until just north of Denmark Strait, indicating
most likely some bomb contribution. There is ing a previous cruise (NORSEX 79) in the the Fram 3 ice floe maintained its integrity
measurable tritium all the way down to 3500 same region made during the fall of 1979. for a remarkably long time. The T-buoy
m. indicating that there have been contribu- Unfortunately, no leads opened near camp, ceased functioning on August 22, near the ice
tions at these depths of water that have been and the goal of studying lead circulation was edge at 6735'N 2541'W.
at the surface within the last 20 years. not achieved. The temperature profiles in Figure 4 show

characteristic thermal regimes in the drift.
The first shows a deep thermocline, indicat-

4 o ing the buoy was on the cold side of the polar
b front. The second and third regimes show a

ar shallow thermocline. indicating the buoy was
N~o n the warm side of the front, in spite of be-

,M,, .. 3,,k.- ,d ing 50-100 km from the ice edge. In the
fourth regime the thermocline is again quite
deep, but surface heating appears to be im-portant. Fluctuations in the temperature rec-
ords on the time scale of a couple of days

. - t  suggest the presence of meanders or eddies
* 2A~.near the front. The continued survival of the

instrument, even in the rigorous ice edge re-
3. gion, bodes well for the survivability of such

2buoys in the pack ice.
The T-C buoy was developed as a step to-

0. ward remotely measuring both temperature
-sM and conductivity for the study of the mixed

layer in the Arctic. It incorporated three tem-
perature and conductivity sensor pairs at 15

AV* 2 m. 30p, and 50 m. suspended below a sur-
face electronics package. In this buoy. tem-
perature and condurtivitv are averaged over

4 3-hour periods. The average values are then
0 -2 transmitted during a once daily, 5-hour trans-

. mission window.
The buoy was operated at Fram 3 for the

9. A 0 22 k ft-purposes of testing and intercalibration with
,, , -other systems, only while personnel were at

the camp. The results indicate it worked well.
Instantaneous conductivity values from APS
and the T-C buoy generally agree within

i / ] ts0.001 s/m, and the temperature values
agree within less than ±0.02* C. It has been

Fig. 4. The drift of the thermistor chain buoy. The device measures temperature to 200 found that the deepening of the mixed layer
m and transmits through the ARGOS system. During segments (2) and (3) of the drift, the examined with the APS could also be ob-
buoy was over warm Atlantic water. During segments (I) and (4) it was over cold polar wa- served with the T-C buoy. This illustrates the
ter. usefulness of the T-C buoy, even in studies of

relatively short-term processes.
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Finally, a suite of atmospheric measure- [Moore and Wadhovu, 1980J. The strain-sens- typical amplitude of 10 -  strain and period
* ments were made. They included continuous ing element was a I-rn long Invar wire. Each of 3 0 s. An expansion of the time scale (Fig.

* recordings of temperature, atmospheric pres- instrument was frozen into the ice and pro- ure 5c) shows that oscillations from the three
sure, wind direction at 2 m. and wind speeds tected by a wooden box, which was placed strain meters are in phase. This suggests that
at 2 m and 10 m. The data will be correlated over it. Snow was then shoveled over each they are flexural gravity waves, as recorded

* with changes observed with the oceanograph- box to reduce thermal drift, on previous occasions in the Arctic Ocean
ic measurements. They will also be used in Data were recorded on digital and FM ana- [Hunkinu, 1962; LcScAock and Hoaubrich, 1964)..
conjunction with geostrophic wind estimated log tapes at times when radio interference The ice thickness at the site was 3.2 m, from

.1 W!!

from buoys, to determine geostrophic drag was least, i.e., at night or when there was no which we can infer that the wave amplitude
* laws appropriate for the region. flying between Nord and From 3. Recording was about 3 mm. Long waves of this kind can

In addition so their other projects. a therm- went on for 4 weeks during April-May 1981, be explained as being the '-onvelopes of wave
istor chain was installed for the study of in- -and about 150 hours of data were recorded. packets found in the open sea [Larsen, 1978o,
ternal waves. Preliminary results suggest the Ice thickness was measured at the strain b]. The Arctic Ocean ice cover, however, acts
presence of an active internal wave field. meter sites. Other data needed for interprets- as a filter, which removes all shorter-period-

tion of the results and recorded by other in- components by scattering or creep reecha-
Scott Polar Research Inst itute vestigators on From 3 were wind speed and nisms. Full analysis of the results will reveal

direction (continuously), floe rotation (daily, whether this is really the case, since it will
ice Strain and wave propagation. The pur- usually only about 1° per day), and internal give the directional spectrum of the waves (to

pose of this experiment was to measure the wave activity (by J. Morison using thermistor show .'hether they, are coming from the
directional energy spectrum and velocity of chain), nearest open ocean in Fram Strait). any cor-
propagation of flexural gravity waves tn the During the second project, three atenua- relation with local wind (in case direct garter-
ice cover of the Arctic Ocean. using three ro- tion experiments were carried out by deploy- ation through the ice is occurring), and the-

* seties of three strain meters, each in a trian- ing a fourth strain meter rosette away from attenuation rate.
gular array, and the attenuation rate of the the main camp. Positions of these remote The long-period oscillations apparent in

611

waves by simultaneous recording from three- sites relative to the main camp were 93 km Figure 5b were unexpected. They are of
*- strain meter rosettes, two being retained at north, 46 km south, and 139 km north. Each greater amplitude than the short-period oscil-

the main camp and the third being taken to a remote rosette was set up with its axes lations-typically 5 x 10 - ' strain-and have

Lhelicopter-essablished camp some tens of aligned as closely as possible with those at the periods of about 30 mai. This is far too long
* kilometers away. main camp. At each remote site, at least I for any flexural gravity wave, especially since

orthe first experiment an existing hut at hour of data was recorded concurrently with it implies a very large vertical amplitude of ...
te main camp was used as an instrument recording at the main site. ice oscillation. Furthermore, on the expanded

hut, and three rosettes of strain meters were Pars b of Figure 5 shows a typical length of scale (Figure Sc). and on Figure 5b. it can be
set up as shown in Figure 5. Each rosette eon- record from three strain meters in a single seen that two strain meters are in phase while
slisted of three wire strain meters of high sen- rosette. It is immediately apparent that there the third is in antiphase. This is the result
sitivity (better than l0 - a strain) and rugged are two distinct components of oscillation that we would expect from a wave of tom-

Ldesig evolved at SPRI for this purpose present. The shont-period oscillations have a pression passing through the ice, i.e., a longi-
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MIZEX: International Marginal Ice Zone Experiment
Investigates Interaction of Arctic Sea Ice, Ocean and Climate
in summe7 t;ne centra! Arctic Ocean is covered .:_ _, across the entre marginal ice zone. both open and
with a mosai: o0 ice toces about 3 m in thickness . 1' . covered. Durina MIZEX 83. a mesoscale ocean
and rar.gtnc uo tc several km in width. In winter. / eodlv about 50 Krn was tracked as it drifted south-

Csea ice e -es fa- beyond the limits of this peren- ward beneath tre ice at a rate of 7 km per day

nia racr cover-ig the entire Arctic Ocean. in- i ove: a 5-cay period Such eddies can provide an
*ciuding the shrelf seas. and reacning into the - . efficient exchange ol temrperature and szcit across

Bering Sea and Canadian Archipelago. The ice " the ice margin. ihich can affect its location.
of this seasonal winter extension attains one to An array of moored oceanographic instruments
two meters in thickness (see Figure). Ice extent W forms the other part of Lamont's MIZEX program.
varies also on scales other than seasonal, with Four subsurface moorings equipped with current,

* fluctuations varying in length from hours and days --- . temperature and conductivity recorders were
to the ice-age variations extending over milienia. , .. deployed in 2.400 m water depths near the center

When observed from above, the open ocean-i " of Fram Strait to monitor mesoscale oceano-
dark in color, while sea ice, when covered with graphic features over a time period of six weeks.
snow, is white. The albedo (fraction of light re- During MIZEX 83. mean currents near the center
flected) is about 0.1 for the open sea and about of the Strait in open water near the ice edge were
0.8 for snow-covered sea ice. This large contrast southward, suggesting the presence of a large,
in albedos leads to strong contrast in radiation deep gyre which recirculates the entire water
budgets between ice and open water, which column in this area. In addition, a shallow surface
relates directly to the heat budget over the ocean. 'z . . r cold eddy was observed to drift across the array.

The fundamental question is how sea ice relates d This eddy, which was only about 100 m deep,

to weather and climate. There is clearly a close The maximum and minimum extent of sea ice in was evidently shed from the ice edge and pro-
relationship, but it is not clear to what degree sea the Northern Hemisphere. vides another example of eddies mixing temper-
ice is a passive result of other climatic influences ature and salinity across the ice margin. Surveys
and to what degree it is an active element which and statistics covering a number of these eddies are
is capable of itself interacting with ocean and coast nearly ice free throughout the year. The still needed to assess their quantitative importance.
atmosphere to produce effects which are not pres- ocean in the Greenland Sea marginal ice zone is For MIZEX 84, Lamont will have a similar pro-
ently predictable. A number of ways in which ice, dominated by permanent and transient frontal sys- gram of helicopter-CSTD surveys and oceano-
air and water interact have been identified, but tems, by eddies and by upwelling along the ice graphic moorings. As the results are analyzed,
their relative importance is not known. edge. Vertical fine structure (10 m) and mesoscale simple physical models are being developed to

The actual dividing line between sea ice and (100 m) structures formed by interleaving of interpret the observed features. A conceptual
open ocean, the ice edge, should be the most Polar and Atlantic Water intrusions are also fre- model of ice export through Fram Strait has been
sensitive area to influences that control ice extent, quently observed, developed, which emphasizes the importance of
r;M it is the region which has been chosen for These features are unique to the ocean in mar- the West Spitsbergen Current in melting ice on the
study. The location of the edge of the ice pack ginal ice zones and must interact with the ice and east side. Ice is driven southward by wind across
depends upon the action of winds and currents, atmosphere. During summer for example, the the entire Strait. On the Greenland side, the water
as well as on the heat budget. These factors are front along the ice edge is intensified by meltwa- is cold, no melting occurs and ice is carried far
not straightforward since there is an interaction of ter input. Another interaction occurs when ocean south. On the Svalbard side, ice melts as it
air, sea and ice with each other in various feed- eddies carry ice across the marginal ice zone into encounters the warm waters flowing north. The
back loops. For example, when the ocean freezes, warmer water where it melts. In still another inter- implications of this model are being explored with
albedo increases sharply, and short-wave radia- action, the strong stratification resulting from budget studies based on MIZEX results.
tion, which has been warming the water, is re- summer meltwater reduces vertical mixing mo- Finally, studies have begun on numerical mod-
fiected, thus intensifying the cooling effect in a mentum and reduces the drag coefficient between els of the ice edge using a simplified ice-air-
positive feedback. Another positive feedback ice and water so that floes drift faster given the ocean system. The plan is to test some of the
occurs when ice melts, stratifying the ocean with same wind stress to drive them. We need to know feedback mechanisms between ice, air and water
a surface layer of low sarnity. The stratification the relative importance of these and other inter- which were mentioned earlier. When these mech- - -

inhibits vertical mixing and heat loss, thus slowing actions in controlling the location of the ice edge. anisms are effectively modeled and understood,
the rate of melting. The MIZEX program includes a drifting phase their effects will be incorporated in a global at-

An understanding of these and other physical with an array of instruments deployed on the ice mospheric-ocean circulation model (GCM). So
processes needs to be based on actual observa- to monitor the ice motion, meterology and upper far GCMs, which are used for climatic modeling
tions of ice edge changes. Such observations are ocean conditions. This instrument array is set and and prediction, incorporate sea ice only in a
essential for the design of models designed to maintained by icebreaking ships which also spend rudimentary way. It should be possible, as a result
reproduce these processes, making it possible to part of their time drifting with the ice. Helicopters of the field and numerical experiments described,
predict changes in ice edge location. The Lamont from these ships are used for carrying out ocean- to better understand the physical processes along
Arctic Group under Ken Hunkins took pert last ographic surveys over the ice-covered part of the the ice edge, so that the most important ones can
year in a pilot project, MIZEX 83 (Marginal Ice marginal ice zone. A portable CSTD profiler, be introduced into a GCM for improved climatic
Zone Experiment), for a large-scale field experi- developed by Ocean Data Systems, has been forecasting, which includes the important factor
ment now underway on the ice margin between modified and improved by the Lamont group for of seaice in a more realistic way.
Greenland and Spitsbergen (see Figure). these helicopter surveys. At landing sites, a small

Seven ships and an equal number of aircraft hole is made through the ice, or a natural open- Southern Ocean
are involved in the international MIZEX project. In ing is used, and the sensor probe is lowered to
addition to the U.S. effort (sponsored by ONR), 500 m, using a special winch mounted in the (continued from opposite page)

there is participation by the Federal Republic of helicopter. The objective is to make an oceano- melting or growth and other parameters at the ice
Germany, Norway, Canada, France, Great Britain graphic survey and to map features beneath the shelf base. At regular intervals, data would be
and Denmark, with each nation contributing to ice cover. During MIZEX 83, profiles were made telemetered via Argos satellite to institutions
the scientific e~tor, as well as to ship and aircraft at 120 sites by Lamont oceanographers Tom in the U.S.
support in some cases. The ice margin in Fram Manley and Jay Ardai, using two helicopters The polar regions offer a challenge of a scien-
Strait between Greenland and Svalbard may be based primarily on the Norwegian MV POLAR- tific and personal nature. As the significance of
characterized as "adveclive," dominated by ocean BJORN, with some flying also from the Norwegian the ice to large scale climate pattems and vari-
currents and wind, rather than by heat budget. In RN LANCE and FRG icebreaker, POLARSTERN. ability becomes more apparent, there will be more
this region, sea ice from the Arctic Ocean is These helicopter surveys are closely coordinated ambitous attempts to gather the data necessary
carried far south into the Atlantic by the cold, with CD surveys by oceanographers from the to assess this influence, resolve the relevant
low-sarmity East Greenland Current on the west University of Bergen carrying out surveys in open processes and develop effective polar inputs to
side of the Strait. On the east side, the warm water. The helicopter and ship results are combined climate models. Lamont oceanographers are par-
high-salniy West Spitsbergen Current keeps the to give synoptic views of oceanographic structure ticularly active in this quest.
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